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Specification 


1. Title of the Invention : METHOD FOR MANUFACTURING A 

SEMICONDUCTOR THIN FILM CRYSTALLINE 
LAYER 

2 . Claim 

A method for manufacturing a semiconductor thin film 
crystalline layer with the following characteristics: In a method 
for manufacturing a semiconductor thin film wherein a 
semiconductor thin film is deposited on a substrate and wherein a 
high-output energy beam is continuously irradiated on said 
semiconductor thin film for monocrystallizing said thin film or 
expanding its crystal particle size, the shape of said beam is 
modified into a flat one, and the beam is irradiated on said 
semiconductor thin film while said beam is being scanned. 

3 . Detailed explanation of the invention 
(Industrial application fields of the invention) 

The present invention concerns a method for manufacturing a 
semiconductor thin film. More specifically, it concerns an 
improved crystallizing treatment process whereby a semiconductor 
thin film is deposited on a substrate and whereby a high-output 
energy beam is continuously irradiated on said semiconductor thin 
film in repeated operative cycles. 

l Numbers in the margin indicate pagination in the foreign 

text . 
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(Prior art of the invention) 

As has already become apparent, there are limits to the 
extents to which the degrees of integration and speeds of 
conventional two- dimensional semiconductor designations can be 
upgraded by reducing the sizes of their elements. So-called 
" three- dimensional semiconductor device^, " wherein elements are 
configured in multiple layers, have been proposed as mechanisms 
which can transcend such limitations. In order to actualize such 
devices, several crystallizing treatment methods therein a high- 
output energy beam is scanned and simultaneously irradiated on a 
polycrystalline or non-crystalline semiconductor above a 
substrate for forming a polycrystalline. or monocrystalline 
semiconductor layer consisting of crude particles have heretofore 
been proposed. 

Figures 1 show high-output energy beam scanning methods 
which are used often in such conventional methods. Of these, 
Figure la shows a beam scanning method which is used in an 
especially high frequency. It consists of an operation in a 
certain direction (direction X) and a relatively slow feeding 
sequence in a direction perpendicular to it {direction Y) . In a 
case where the beams are irradiated repeatedly in the positive 
direction of the X-axis, which is indicated by a solid line, for 
preventing the formation of a beam non- irradiated region in this 
method, however, the irradiated region (12) , on which the beams 
overlap, is generated, as Figure la indicates. Generally 
speaking, the levels of energy received by the sections of a 

3 


silicon layer corresponding to the region (11} , which has been 
irradiated with said beam only once, and the overlappingly 
irradiated region IL2) iruevitahly differ, and accordingly, 
various physical properties (e.g., degree of crystallization, 
refractive index, etc.) of these differently irradiated regions 
of the silicon layer vary. In a case where the beam intensity is 
high, furthermore, the high energy is concentrated in the 
overlappingly irradiated region, and as a result, grave damages 
(e.g., evaporation of the semiconductor thin film, etc.) are 
unavoidable. 

Figure lb, on the other hand, shows a scanning method which 
was conceived for eliminating operative . wastefulness by matching 
the scanning speed in the positive direction of the X-axis and 
the scanning speed in its negative direction. In this case, too, 
however, the region (12) . which is overlappingly annealed, is 
generated as a result of the beam irradiation in the direction of 
the X-axis, and film quality variations of a silicon layer 
(semiconductor thin film) due to varying energy absorption levels 
of the semiconductor thin film as well as. beam damages due to the 
concentration of the energy are difficult to avoid. 

(Problems to be solved by the invention} 

In a case where the X coordinate at a point where the beam, 
is irradiated in the method shown in Figure la is represented by 
a time function, the beam speed inevitably becomes zero in the 
negative direction of X, where the beam stagnates. In such a 


case/ a high energy is concentrated on a single point of the 
semiconductor thin film, and as a result, grave damages (e.g., 
evaporation of the semiconductor thin film, etc . 1 are incurred. 

The scanning method shown in Figure lb, on the other hand, 
was conceived for eliminating operative wastefulness by matching 
the scanning speed in the positive direction of the X-axis and 
the scanning direction in its negative direction. In the case of 
the method shown in Figure 2 [b] [sic] , too r there is a point in 
the X-axis of the beam direction at which the speed becomes 2ero, 
and as a result, it is difficult to avoid damages attributed to 
the concentration of a high energy on a single point of the 
semiconductor thin film. 

In the cases of both Figures la and lb, furthermore, the 
beams are repeatedly scanned in the direction of the X-axis, and 
as a result, the region (12), in which the irradiated beams 
overlap; is generated. The levels of energy received by the 
sections of the silicon layer {semiconductor layer) corresponding 
to the beam overlapping region (12) and the region (11) , where 
such overlaps are absent, therefore, inevitably differ, and as a 
result, silicon layers {semiconductor thin films) with different 
physical properties (e.g., degree of crystallization, refractive 
index, etc) are produced. 

The objective of the present invention, which has been 
proposed for eliminating the foregoing shortcomings of the prior 
art, is to provide a method for manufacturing a semiconductor 
thin film crystalline layer which is useful for the preparation 
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of a three-dimensional semiconductor device element formation 
substrate, etc. and which enables the production of a high- 
quality semiconductor thin film crystalline layer wicn 
homogeneous physical properties by preventing damages caused by 
the pointwise concentration of a high-output energy beam on a 
semiconductor thin film above a substrate. 

(Mechanism for solving the problems) 

1. The present invention concerns a method for manufacturing 
a semiconductor thin film crystalline layer with the following 
characteristics: In a method for manufacturing a semiconductor 
thin film wherein a semiconductor thin film is deposited on a 
substrate and wherein a high-output energy beam is continuously 
irradiated on said semiconductor thin film for monocrystallizing 
said thin film ox expanding its crystal particle size, the shape 
of said beam is modified into a flat one, and the beam is 
irradiated on said semiconductor thin film while said beam is 
being scanned. 

(Functions of the .invention) 

The most notable characteristic of the present invention 
lies in the use of an energy beam with a flat shape. 

In other words, the following constitution is embodied in 
the present invention: In a method for manufacturing a 
semiconductor thin film wherein a semiconductor thin film is 
deposited on a substrate and wherein a high-output energy beam 
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(e.g., laser beam, etc.) is continuously irradiated on said 
semiconductor thin film for monocryst alii zing said thin film or 
expanding its crystal particle size, the shape of an energy beam 
derived from a beam source is modified into a flat one as a 
result of its transmission through a convex lens and a concave 
lens. 

As a result, the irradiated beam overlapping region of a 
silicon layer (semiconductor thin film} shown in Figure la or lb, 
which is generated as a result of the repetition of beam scanning 
cycles, can be eliminated, and accordingly, the energy beam can 
be homogeneously irradiated over the entire silicon layer 
(semiconductor thin film) > 

(Application examples) 

In the following, the present invention will be explained in 
detail with reference to application examples shown in figures. 

Figure 2 is a diagram which shows a simplified constitution 
of a laser annealing device employed in an application example of 
the present invention- In the figure, the notations denote the 
following: (21) : Laser oscillation unit; [22) ; Concave lens; 
(23): Convex lens; (24): Mirror; (25): Convex lens; (26): Sample. 

Next, a method for manufacturing a semiconductor thin film 
crystalline layer by using the aforementioned device will be 
explained. First, as Figure 3a shows, the silicon layer 

(semiconductor thin film) (32), the thickness of which is 100 /I. 
nro, is formed over the entire front surface of the square glass 
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substrate (insulating substrate) (31) , the side length of which 
is 25 cm. The laser oscillation wavelength is matched with the 
wavelength of an XeCl excimer laser (i.e,, 308 nm) . The laser 
beam size is a square with a side length of 5 mm, and its energy 
intensity is 500 mJ/pulse. The laser pulse width and the 
oscillation frequency are approximately SO ns and 120 Hz, 
respectively. As far as the laser beam scanning method is 
concerned, the mirror (24) is moved in the direction of the Y- 
axis at a speed of 1 mm/s for scanning the laser beam. The width 
of the laser beam in the direction of the X-axis is adjusted by 
varying the distance between the concave lens (22) and the convex 
lens (23) . The laser beam energy density at the outlet of the 
laser oscillation unit is 2,000 mJ/ (cm,- pulse ) - The beam width, 
however, is multiplied by 50 times immediately after the 
transmission through the mirror {24), and accordingly, [the 
concomitant density is] 400 mJ/ (cm 2 -pulse) , which is 1/50 of said 
value (sic: Discrepancy], In order to prevent the attenuations 
• of annealing effects, [the beam is] collected by the convex lens 
(25), as a result of which an energy density of 2,000 
mJ/ (cm 2 - pulse) is achieved once again. The energy density can be 
adjusted by manipulating the distance between the sample and 
convex lens .(25) . Said distance can be minimized by using a 
convex lens with a high curvature. In such a case, the laser 
beam is scanned only in the direction of the Y-axis, as Figure 2 
indicates, and therefore, the annealing beam overlaps on the 
silicon layer (semiconductor thin film) observed in the 
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irradiation example of Figure 1 can be prevented, as a result of 
which a high-quality semiconductor thin film crystalline layer 
with homogeneous physical properties can be obtained by means of 
annealing. 

In a case where irradiating beams overlapped, as in the 
conventional annealing method wherein beams are repeatedly 
annealed in the direction of the X-axis, variations of the 
physical properties of the silicon layer as well as beam damages 
on overlapping areas were observed. The present invention, 
however^ is in no way limited to the aforementioned application 
example. In said application example, for instance, a case where 
the entire silicon layer region is annealed was demonstrated. In 
a case where only a necessary segment of a silicon layer needs to 
be annealed, however, the size of the flat -shaped beam may be 
adjusted for matching the necessary width. The present concept 
is applicable not only to crystal growths based on the melt 
recrystallization of silicon but also to [the growths ofl other 
semiconductors, metals, etc. The present invention, furthermore, 
may also be applied to the activation of an ion implantation 
layer for homogenizing the annealed region. 

(Effects of the invention) 

An overlappingly beam irradiated region which would 
otherwise be generated as a result of repeated beam scanning 
cycles can be eliminated in the present invention, and since no 
area where the speed is virtually zero (i.e., beam scanning 
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direction reversal region} is present in the annealed region, the 
beam stagnation can be eliminated, as a result of which the 
variations of the physical properties of the silicon layer 
(semiconductor thin film) in the annealed region can be 
eliminated, and furthermore, beam damages can be prevented. A 
high-quality homogeneous semiconductor thin film crystalline 
layer, therefore, can be laminated, and practically satisfactory 
performances for three-dimensional semiconductor device element 
formation substrates can be achieved, 

4 . Brief explanation of the figures 

Figures la and b are schematic diagrams pertaining to 
examples of energy beam scanning methods. Figure 2 is a diagram 
which shows a simplified constitution of a laser annealing device 
employed in an- application example of the present invention. 
Figure 3 is a diagram which shows a cross -sectional view of the 
process for manufacturing a silicon thin film crystalline layer 
in the aforementioned application example- Figure 4 pertains to 
[another] application example of the present invention, 

(21): Laser oscillation unit; (22): Concave lens; (23): 
Convrex lens; (24); Mirror; (25); Convex lens; (26): Sample; (31): 
Glass substrate (insulating substrate)? (32): Silicon layer 
(semiconductor thin film) . 
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Keye to Figures: 


figure 2 

(21): Laser unit; (22): Concave lens; (23); Convex lens; (24 
Mirror; (25): Convex lens; (2S>: Substrate 

Figure 3 

(31): Glass substrate; (32): Semiconductor thin film; (33): 
Energy beam 
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